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.H\ZRUGVPHGLFDOLPSODQW7L$O9FRQWDFWDQJOHZHWWDELOLW\VDQGEODVWHGDQGDFLGHWFKHG
,QWURGXFWLRQ
7LWDQLXP EDVHG PDWHULDOV DUH QRZDGD\V FRQVLGHUUHG YDOXDEOH ELRPDWHULDOV GXH WR VSHFLILF FRPELQDWLRQ RI
PHFKDQLFDO VWUHQJWK DQG ELRFRPSDWLELOLW\ ZKLFK PDNHV WKHP VXLWDEOH IRU PHGLFDO DSSOLFDWLRQV VXFK DV DUWLILFLDO
ERQHV MRLQW UHSODFHPHQWV DQG GHQWDO LPSODQWV 7KH KLJK FRUURVLRQ UHVLVWDQFH RI WLWDQLXPEDVHGPDWHULDOV LQ YLYR
HQYLURQPHQWV LV GXH WR WKHLU DELOLW\ WR IRUPD FKHPLFDOO\ VWDEOH KLJKO\ DGKHUHQW DQG FRQWLQXRXVSURWHFWLYHR[LGH
OD\HURQWKHLUVXUIDFH7KHQDWXUHFRPSRVLWLRQXVXDOO\EDVHGRQ7L27L2RU7L2DQGWKLFNQHVVRIWKLVR[LGH
OD\HU GHSHQG RQ WKH HQYLURQPHQWDO FRQGLWLRQV DQG WKH SUHSDUDWLRQ SURFHGXUH ,Q RUWKRSDHGLFV DQG GHQWLVWU\ WKH
FOLQLFDO JRDO WKDWPHDVXUHV WKH VXFFHVV RI ERQH LPSODQWV LV DFKLHYLQJ RVVHRLQWHJUDWLRQ7KLVPHDQV WR HVWDEOLVK D
VWURQJ DQG ORQJODVWLQJ FRQQHFWLRQ EHWZHHQ WKH LPSODQW VXUIDFH DQG SHULLPSODQW ERQH OHDGLQJ WR D VWDEOH




,Q RUGHU WR HQKDQFH RVVHRLQWHJUDWLRQPDQ\PHWKRGV PHFKDQLFDO FKHPLFDO SK\VLFDO RU WKHLU FRPELQDWLRQ RI
VXUIDFHPRGLILFDWLRQKDYHEHHQGHYHORSHG7KH UROHVRI VXUIDFHSURSHUWLHV VXFKDV URXJKQHVVDQGFKHPLVWU\KDYH
EHHQWKRURXJKO\HYDOXDWHGLQRVVHRLQWHJUDWLRQ+RZHYHUWKHHIIHFWVRIVXUIDFHZHWWDELOLW\RQNH\ELRORJLFDODVSHFWV








ZLOO VSUHDG RYHU D ODUJH DUHD RQ WKH VXUIDFH ZKLOH VXUIDFHV ZLWK ZDWHU FRQWDFW DQJOHV DERYH  DUH FRQVLGHUHG
K\GURSKRELF DQG JHQHUDOO\ PHDQV WKDW ZHWWLQJ RI WKH VXUIDFH LV XQIDYRUDEOH > @9RJOHU GHILQHG K\GURSKRELF




VRIW WLVVXH LQWHJUDWLRQ ZLWK WKH LPSODQW \LHOGLQJ DFFHOHUDWHG KHDOLQJ DQG HDUO\ RVVHRLQWHJUDWLRQ +H IRXQG WKDW
Ä6XUIDFH ZHWWDELOLW\ FDQ DIIHFW IRXU PDMRU DVSHFWV RI WKH ELRORJLFDO V\VWHP  DGKHVLRQ RI SURWHLQV DQG RWKHU





EHVW ELRORJLFDO DQG FOLQLFDO RXWFRPHV UHPDLQV XQFOHDU:KLOH VHYHUDO UHFHQW K\GURSKLOL]HG LPSODQW V\VWHPV IDYRU
VXSHUK\GURSKLOLFLW\LWLVXQFOHDULIDPRUHPRGHUDWHK\GURSKLOLFLW\ZRXOGIXUWKHURSWLPL]HLQWHUIDFLDOUHDFWLRQV´>@
%DVHG RQ RXU SUHYLRXV UHVXOWV > @ FXUUHQW ZRUN LV IRFXVHG RQ VXUIDFH PRGLILFDWLRQ PHWKRGV WKDW LQYROYH
PHFKDQLFDOVDQGEODVWLQJDQGFKHPLFDODFLGHWFKLQJ5HFHQWO\ZDVUHSRUWHGWKDWVDQGEODVWLQJLQGXFHVVRPHFKDQJHV
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KDOI ZDV DFLG HWFKHG ZLWKRXW VDQG EODVWLQJ WKHLU VXUIDFHV $IWHU DFLG HWFKLQJ SURFHGXUH VRPH VDPSOHV ZHUH




ZDVPHDVXUHG XVLQJ D 6XUIWHVW 6- 0LWXWR\R URXJKQHVV WHVWHU 7KH VXUIDFH WRSRJUDSK\ZDV HYDOXDWHG XVLQJ
VFDQQLQJ HOHFWURQ PLFURVFRS\ SHUIRUPHG LQ D -(2/ -60  VFDQQLQJ HOHFWURQ PLFURVFRSH RSHUDWHG DW  N9
6(00LFURJUDSKV ZHUH FROOHFWHG DWPDJQLILFDWLRQV RI ; ; DQG ; XVLQJ VHFRQGDU\ HOHFWURQV DQG
EDFNVFDWWHUHG HOHFWURQV &RQWDFW DQJOH ZDVPHDVXUHG XVLQJ VWDWLFPHWKRG DQG GLUHFWPHDVXUHPHQW RI WKH WDQJHQW
DQJOH DW WKH WKUHHSKDVH FRQWDFW SRLQW RQ D VHVVLOH GURS SUR¿OH XVLQJ KLJK UHVROXWLRQ SKRWRJUDSKV RI SXUH ZDWHU
GURSV DQG D JUDSKLFDO LPDJH SURFHVVLQJ VRIWZDUH *LPS 2Q HDFK VDPSOH ZH SHUIRUP  VHWV RI FRQWDFW DQJOH




















 VDQGEODVWLQJDFLGHWFKLQJ     
 VDQGEODVWLQJDFLGHWFKLQJSDVVLYDWLRQ     
 DFLGHWFKLQJ     
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 VDQGEODVWLQJDFLGHWFKLQJ     
 VDQGEODVWLQJDFLGHWFKLQJSDVVLYDWLRQ     
 DFLGHWFKLQJ     
 DFLGHWFKLQJSDVVLYDWLRQ     
 VDQGEODVWLQJDFLGHWFKLQJ     
 VDQGEODVWLQJDFLGHWFKLQJSDVVLYDWLRQ     
949 Gabriela Strnad et al. /  Procedia Technology  22 ( 2016 )  946 – 953 
 DFLGHWFKLQJ     
 DFLGHWFKLQJSDVVLYDWLRQ     
 VDQGEODVWLQJDFLGHWFKLQJ     
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 DFLGHWFKLQJ     
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 
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
 VDQGEODVWLQJDFLGHWFKLQJSDVVLYDWLRQ     
 DFLGHWFKLQJ     
 DFLGHWFKLQJSDVVLYDWLRQ     
 VDQGEODVWLQJDFLGHWFKLQJ     
 VDQGEODVWLQJDFLGHWFKLQJSDVVLYDWLRQ     
 DFLGHWFKLQJ     
 DFLGHWFKLQJSDVVLYDWLRQ     
 VDQGEODVWLQJDFLGHWFKLQJ     
 VDQGEODVWLQJDFLGHWFKLQJSDVVLYDWLRQ     
 DFLGHWFKLQJ     
 DFLGHWFKLQJSDVVLYDWLRQ     
 FRQWUROVDPSOHWXUQHG     
 FRQWUROVDPSOHVDQGEODVWHG     
7KHLQIOXHQFHRIVXUIDFHPRGLILFDWLRQSURFHGXUHRQVXUIDFHURXJKQHVVDQGWRSRJUDSK\ZDVDQDO\]HGDQGUHSRUWHG
HOVHZKHUH >@ 3UHVHQW SDSHU LV IRFXVHG RQ VXUIDFH K\GURSKLOLF SURSHUWLHV HQKDQFHPHQWV GHPRQVWUDWHG E\ LWV
ZHWWDELOLW\ LPSURYHPHQWPHDVXUHGE\ WKHGHFUHDVLQJRI FRQWDFW DQJOHTF$IWHU LQLWLDO&1& WXUQLQJ WKH VDPSOHV
H[KLELW D UHODWLYHO\JRRGZHWWDELOLW\KDYLQJDFRQWDFWDQJOHTFRI 7DEOHDQG)LJ%XW WKHVH VXUIDFHV
DUHQ¶W SURSHU IURP WKH SRLQW RI YLHZ RI VXUIDFH PRUSKRORJ\ >@ 5HYLHZ VWXGLHV > @ UHYHDOHG WKDW D JRRG
RVVHRLQWHJUDWLRQ UHTXLUHV D SURSHU VXUIDFH WRSRJUDSK\ ZLWK PLFURSRUHV  PP RSHQHG RQ WKH VXUIDFH DQG D
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*RRGZHWWDELOLW\ZDVIRXQGDOVRRQVDPSOHVSUHSDUHGE\VDQGEODVWLQJIROORZHGE\DFLGHWFKLQJDW&IRU
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7KH UHVXOWV VKRZ WKDW ZKHQ WKH DFLG HWFKLQJ LV SHUIRUPHG DW q& WKH LQIOXHQFH RI VDQG EODVWLQJ EHIRUH DFLG
HWFKLQJLVEHQHILFLDORQZHWWDELOLW\ZKHQZHXVHGORQJFRUURVLRQGXUDWLRQVKRXUVDQGKRXUV7KHTFLV
FRPSDUHG WR  DW  KRXUV DQG  FRPSDUHG WR  DW  KRXUV8VLQJ VKRUW DFLG DWWDFN WLPHV  KRXUV WKH




ORVV KDYH DOVR ORZ FRQWDFW DQJOH$W ORQJ SURFHVV WLPHV WKLV VLPLODULW\ LQ HYROXWLRQ LV ORVW DQGZHPHDVXUHG WKH
ORZHVW FRQWDFW DQJOH LQ WKH FDVHRI VDPSOHVZLWK URXJKQHVVKLJKHU WKDQRWKHUV )RU H[DPSOH DW KRXUVRI DFLG






XQIDYRUDEOH IURP WKH SRLQW RI YLHZRI D JRRGZHWWLQJ0RUH RI WKDW DW WKLV WHPSHUDWXUH WKH SKHQRPHQD RI DFLG
VROXWLRQHYDSRUDWLRQOHDGVWRDQLQFUHDVHRQLWVFRQFHQWUDWLRQDQGDSRRUFRQWURORIWKHDFLGDWWDFNSURFHVVVRLWLV
DGYLVDEOHWRDYRLGZRUNLQJDWWKLVKLJKWHPSHUDWXUH
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$WKLJKWHPSHUDWXUHVq&DQGq&WKHUHLVQRVLPLODULW\EHWZHHQHYROXWLRQRIFRQWDFWDQJOHDQGURXJKQHVV
7KLV VKRZV WKDW QRW 5D LV WKH PDLQ SDUDPHWHU WKDW LQIOXHQFHV WKH K\GURSKLOLF SURSHUWLHV RI PRGLILHG VXUIDFHV RI
PHGLFDO LPSODQWV7KHUHVXOWV IURP7DEOHVKRZWKHVDPH LQIOXHQFHRI VXUIDFHPRGLILFDWLRQSURFHGXUHRQFRQWDFW
DQJOH SHUIRUPHG DW q& IRU  KRXUV DV WKH RQH SHUIRUPHG DW q& IRU  KRXUV WKH ORZHVW TF LV IRU 6% $(
SURFHGXUH QH[W IRU$( IROORZHG E\$(3 WKH KLJKHVW EHLQJ IRU 6%$(3 SURFHGXUH$ VLPLODULW\ LV DOVR
VKRZQE\WKHPRGLILFDWLRQSURFHGXUHVSHUIRUPHGDWq&IRUKRXUVDQGSHUIRUPHGDWq&IRUKRXU
7KHSDVVLYDWLRQ WUHDWPHQW OHDGV WRDQ LQFUHDVH LQFRQWDFWDQJOH LQ WKHFDVHRIVDQGEODVWHGVDPSOHV H[FHSW WKH
SURFHGXUHGHYHORSHGDWq&IRUKRXUV DQGDSSHDUV WRKDYHQRFOHDUDQG VLJQLILFDQW LQIOXHQFH LQ WKHFDVHRI






















6DQGEODVWLQJLQGXFHVFKDQJHVLQVXUIDFHZHWWDELOLW\ WKHFRQWDFWDQJOHLVKLJKHUWKDQDIWHU WXUQLQJTF 
IRUFRQWURO VDPSOH VDQGEODVWHG&66%FRPSDUHGZLWKTF  IRUFRQWURO VDPSOH WXUQHG&67$FLGHWFKLQJ
SURFHGXUH HQKDQFHV QRW RQO\ WKHPRUSKRORJ\RI WKH VXUIDFH EXW DOVR LWVZHWWDELOLW\ LQGXFLQJ FKDQJHV LQ VXUIDFH
FKHPLVWU\ UHVLGXDO VWUHVVHV DQG VXUIDFH HQHUJ\ 2XU UHVXOWV VKRZ ORZ FRQWDFW DQJOHV IRU 6%  $( SURFHGXUH
SHUIRUPHGDWUHODWLYHO\ORZWHPSHUDWXUHVDQGORQJSURFHVVWLPHV)LJ%\FRUURVLRQLQGXDODFLGEDWKDW&IRU















































)LJXUH  VKRZV WKDW E\ LQFUHDVLQJ WKH WLPH RI DFLG HWFKLQJ WKH FRQWDFW DQJOH LV GHFUHDVLQJ ,QFUHDVLQJ WKH
WHPSHUDWXUH RI DFLG HWFKLQJ OHDGV WR DQ LQFUHDVH LQ FRQWDFW DQJOH 7KH YDOXHV IRU FRQWDFW DQJOH DW GLIIHUHQW
SUHSDUDWLRQSDUDPHWHUVDUHUHODWLYHO\GLVSHUVHGWRDQGWKHUHLVQRVLPLODULW\LQHYROXWLRQEHWZHHQFRQWDFW
DQJOHDQG URXJKQHVV%\DSSO\LQJDSDVVLYDWLRQ WUHDWPHQW DIWHU VDQGEODVWLQJDQGDFLGHWFKLQJ WKH UHVXOWV )LJ
VKRZWKDWWKHFRQWDFWDQJOHLVLQFUHDVHG7KHLQIOXHQFHLVKLJKHURQWKHVDPSOHVSUHSDUHGDWORZWHPSHUDWXUHV
)LJXUHSUHVHQWVWKHVFDQQLQJHOHFWURQPLFURJUDSKVFROOHFWHGIURPWKHVXUIDFHVWKDWH[KLELWVWKHORZHVWFRQWDFW
DQJOH VDPSOH DQG WKHKLJKHVW FRQWDFW DQJOH VDPSOH 6DPSOHZDVSUHSDUHGE\ VDQGEODVWLQJ DQG DFLG
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ZHWWDELOLW\ LV PXFK ORZHU TF    FRPSDUHG ZLWK TF    ,Q WKHVH FRQGLWLRQV VHHPV WKDW WKH PDLQ





:HIRXQG WKDWSUHSDUDWLRQSURFHVVRIPHGLFDO LPSODQWV LQIOXHQFHVQRWRQO\ WKHPRUSKRORJ\RI WKH VXUIDFHEXW
LQGXFHVFKDQJHV LQZHWWDELOLW\7KH LQIOXHQFHRI VDQGEODVWLQJRIPHGLFDO LPSODQWVSULRU WRDFLGHWFKLQJ LQDGXDO
EDWKRI+62QDQG+&OQDW ORZWHPSHUDWXUH&RQFRQWDFWDQJOHZDVIRXQG WREHEHQHILFLDOZKHQ
XVLQJ ORQJDFLGHWFKLQJ WLPHVKDQGK,QFUHDVLQJ WKHSURFHVV WLPH IRUDFLGHWFKLQJ OHDGV WRDGHFUHDVH LQ
FRQWDFWDQJOHZKLFKLVDGHVLUHGUHVXOW,QFUHDVLQJWKHWHPSHUDWXUHRIDFLGHWFKLQJEDWKOHDGVWRDQLQFUHDVHLQFRQWDFW
DQJOH WKXVGHFUHDVLQJ WKHZHWWDELOLW\7KHSDVVLYDWLRQ WUHDWPHQWRIPHGLFDO LPSODQWVSHUIRUPHG LQ+12DW
URRP WHPSHUDWXUH IRU  PLQ OHDGV WR DQ LQFUHDVH RI FRQWDFW DQJOH RQ VDQG EODVWHG VXUIDFHV ORZHULQJ WKH
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